The helix-loop-helix protein Id1 has been implicated in regulating mammary epithelial cell proliferation and differentiation but the underlying molecular mechanisms are not well characterized. Under low serum conditions, ectopic expression of Id1, but not Id2, allowed continued proliferation of immortalized mammary epithelial cells and breast cancer cells. Conversely, downregulation of Id1 impaired proliferation. The effects of short interfering RNA (siRNA)-mediated downregulation of Id1 were the same as those following downregulation of c-Myc: decreased expression of cyclins D1 and E, reduced phosphorylation of pRb at Ser780 (a site targeted by cyclin D1-Cdk4) and reduced cyclin E-Cdk2 activity. Decreased cyclin D1 expression was an early response to Id1 antisense oligonucleotide treatment. Inhibition of cMyc function by siRNA, antisense oligonucleotides or a dominant repressor resulted in downregulation of Id1, while ectopic expression of c-Myc resulted in rapid induction of Id1, suggesting that Id1 may be downstream of c-Myc. These data indicate that in mammary epithelial cells, Id1 has cell cycle regulatory functions that are similar to those of c-Myc, and suggest that cyclin D1 may be involved in Id1 regulation of cell cycle progression.
Introduction
Basic helix-loop-helix transcription (bHLH) factors are ubiquitous regulators of a range of cellular functions. Through heterodimerization and binding to 'E box' sequences, they control the expression of genes involved in lineage commitment and cell fate determination, proliferation and survival (Massari and Murre, 2000) .
Members of the 'inhibitor of differentiation' (ID) protein family possess a helix-loop-helix domain sufficient for dimerization to a subset of bHLH factors but lack the DNA binding domain required for transcriptional activity, and thus act as dominant repressors of bHLH function. Expression of ID proteins is sensitive to extracellular stimuli such as growth factors and cytokines, and ID proteins display distinct spatiotemporal expression patterns, suggesting a requirement for ID proteins in specific developmental and physiological processes (Norton, 2000; Sikder et al., 2003) .
Increasing evidence implicates ID family members, particularly Id1, in breast epithelial cell proliferation, differentiation and oncogenesis . In breast cancer cells, Id1 is induced by estrogen, and estrogen-induced mitogenesis is impaired when Id1 levels are decreased (Lin et al., 2000) . Conversely, progesterone inhibition of proliferation is accompanied by decreased Id1 expression, and constitutive expression of Id1 is sufficient to induce progestin resistance in breast cancer cells (Lin et al., 2000) and impair differentiation of mammary epithelial cells in culture (Desprez et al., 1995) . Serum-dependent Id1 expression is deregulated in aggressive breast cancer cell lines (Lin et al., 2000) , suggesting that deregulation of Id1 expression may be associated with mammary oncogenesis. Consistent with this possibility, the Id1 locus at chromosome 20q11 is amplified in breast carcinomas Tanner et al., 1996) , and a recent study indicates that Id1 is overexpressed in breast cancers and this confers poor outcome (Schoppmann et al., 2003) . In vitro, Id1 can stimulate breast epithelial cell invasiveness (Desprez et al., 1998) , and expression of Id1, but not Id2, correlates with aggressiveness in a panel of breast cancer cell lines (Desprez et al., 1998) . Similarly, Id1 expression increases in invasive breast cancers in comparison with ductal carcinoma in situ but Id2 expression appears to be reduced (Lin et al., 2000; Itahana et al., 2003) .
Id1 is required for the G 0 /G 1 -S phase transition in fibroblasts (Hara et al., 1994) , but there is relatively little information on the mechanisms by which it regulates cell cycle progression. Unlike other ID proteins, Id1 does not regulate the activity of the retinoblastoma family gene products -Rb, p107 and p130 -by direct binding (Iavarone et al., 1994) . However, Id1 can repress the expression of p16
INKA (Alani et al., 2001; Ohtani et al., 2001) . The ID target MyoD activates p21 WAF1/Cip1 gene expression in myoblasts (Halevy et al., 1995) and its partner E2A positively regulates p21 WAF1/Cip1 transcription in fibroblasts (Peverali et al., 1994) . This regulation of p21 WAF1/Cip1 by E2A is antagonized by Id1 (Prabhu et al., 1997) , suggesting that Id1 may govern proliferation via antagonism of E2A-dependent p21 WAF1/Cip1 expression. In this study, we have addressed the role of Id1 in the proliferation of immortalized and transformed mammary epithelial cells. We show that Id1 is required for expression of cyclin D1 and cyclin E, for activation of their associated cyclin-dependent kinases (CDKs) and for proliferation in breast cancer cells. Decreased expression of cyclin D1 is an early response to downregulation of Id1 and is thus implicated in the proliferative arrest following decreased Id1 expression. These effects are strikingly similar to the effects of decreased c-Myc expression in the same cells (Carroll et al., 2002, this manuscript) . c-Myc is centrally involved in steroidal control of breast cancer proliferation . Like Id1, it is induced by estrogen (Dubik et al., 1987) , and c-Myc antisense oligonucleotides impair estrogen-induced proliferation (Watson et al., 1991) . The steroid regulation of c-Myc and Id1 and the commonality of their involvement in breast cancer proliferation raised the possibility that cMyc might regulate Id1 and we present evidence suggesting that Id1 may be downstream of c-Myc in these cells.
Results

Id1, but not Id2, stimulates proliferation of mammary epithelial cells in low serum
Mammary epithelial cells and hormone-responsive breast cancer cells are serum-dependent in culture, and Id1 expression is tightly regulated by serum (Hara et al., 1994; Tournay and Benezra, 1996) ; so we tested whether Id1 overexpression altered the response of these cells to serum deprivation as an initial approach to investigating Id1 regulation of proliferation in mammary epithelial cells. In 0.5% serum, cultures of vector-transfected HC-11-immortalized murine mammary epithelial cells displayed low levels of Id1 expression and bromodeoxyuridine (BrdU) incorporation relative to those in 5% serum ( Figure 1a ). In contrast, in low serum, HC-11 cells overexpressing Id1 exhibited levels of Id1 expression and proliferation approaching those of control cells grown in high serum (Figure 1a) . Similarly, in vector control MCF-7 human breast cancer cells, Id1 expression and BrdU incorporation were both decreased in low serum but cells overexpressing Id1 continued to proliferate in low serum (Figure 1b) .
To determine whether the related HLH protein Id2 could also stimulate serum-independent proliferation of mammary epithelial cells, we measured DNA synthesis in HC-11 cells overexpressing Id2. HC-11 cells were infected with an Id2-IRES-GFP retrovirus and cells overexpressing Id2 were separated on the basis of GFP positivity, using flow cytometry. Western blotting confirmed higher Id2 expression in the GFP-positive fraction compared with the GFP-negative fraction (Figure 1c ). There was, however, no increase in BrdU incorporation in cells overexpressing Id2 in either 5 or 0.5% serum (Figure 1c) . Overall, these data indicate that overexpression of Id1, but not Id2, allows continued proliferation in these cells under low-serum conditions. 
Id1 is required for proliferation of mammary epithelial cells
To investigate the requirement for Id1 expression in mammary epithelial cell proliferation, we reduced Id1 expression using small interfering RNAs (siRNAs). A number of 21-nucleotide siRNAs targeted to Id1 were designed using published criteria (Elbashir et al., 2002) . After preliminary tests of efficacy, two distinct siRNAs were chosen for further experiments, one targeting the coding region and the other the 3 0 UTR. Transfection of MCF-7 cells with these Id1 siRNAs (Id1-12 and Id1-17) resulted in downregulation of Id1 protein within 48 h of transfection (Figure 2a) . In replicate experiments, Id1 levels were reduced to an average of 47% for Id1-12 and 56% for Id1-17, relative to cells treated with control siRNAs (see Figure 6a) . In initial experiments, we noticed a close similarity between the effects of reduction in Id1 expression and those we had previously reported using antisense oligonucleotides to reduce cMyc expression (Carroll et al., 2002) To determine whether reductions in proliferation following Id1 'knockdown' were associated with reduced CDK activity, the phosphorylation of pRb at Ser780, a site targeted exclusively by cyclin D1-Cdk4 (Kitagawa et al., 1996) and cyclin E-Cdk2 activity, was measured in lysates harvested from cultures transfected with Id1, c-Myc or control siRNAs. Transfection of MCF-7 cells with Id1 or c-Myc siRNA was associated with a significant reduction in the level of pRb-Ser780 phosphorylation and the in vitro kinase activity of cyclin E-Cdk2 complexes (Figure 3a and b). In replicate experiments, decreased expression of c-Myc reduced pRb-Ser780 phosphorylation by approximately 65% and cyclin E-Cdk2 activity by approximately 50% (Figure 3c ). Similarly, decreased expression of Id1 reduced pRb-Ser780 phosphorylation by up to 75% of control and reduced cyclin E-Cdk2 activity by approximately 40% (Figure 3c ).
We next turned our attention to identifying the mechanisms by which Id1 might regulate CDK activity in this context. Id1 has been proposed to regulate proliferation and senescence in other tissues by repression of the CDK inhibitors p16
INK4A and p21 WAF1/Cip1 (Peverali et al., 1994; Prabhu et al., 1997; Alani et al., 2001; Ohtani et al., 2001 ) and it might therefore be , decreased cyclin D1 expression and more modest effects on cyclin E expression. Quantitation of data from replicate experiments showed that cyclin E expression decreased by up to B50% but cyclin D1 protein levels decreased by B75% after reduction in either Id1 or c-Myc levels ( Figure 4b ).
To confirm these data using another approach and to examine more acute effects of Id1 downregulation, we used a previously characterized Id1 antisense oligonucleotide (Hara et al., 1994) . Within 6 h of treatment with the Id1 antisense oligonucleotide, Id1 expression decreased by approximately 70% relative to that in MCF-7 cells transfected with scrambled control oligonucleotides or mock-transfected cells (Figure 5a ) and by 16 h of treatment DNA synthesis was decreased to 33% of controls (Figure 5b ). At the early timepoint, 6 h, there was no apparent change in the levels of p21 WAF1/Cip1 , p27 Kip1 or cyclin E, but cyclin D1 expression was decreased by B60% (Figure 5a ). Phosphorylation of pRb at Ser780 was also reduced (Figure 5c ). These data indicate that cyclin D1 downregulation and decreased cyclin D1-Cdk4 activity are rapid responses to decreased Id1 expression.
Altered c-Myc expression is associated with altered Id1 expression
Evidence implicating both c-Myc and Id1 in steroid regulation of proliferation (see Introduction) raised the Id1 effects on breast epithelial cell proliferation A Swarbrick et al possibility that they might act through similar pathways, which was confirmed by data presented in Figures 2-4 identifying close parallels between the effects of decreased Id1 expression and decreased c-Myc expression. We therefore examined Id1 levels when c-Myc expression was decreased and vice versa. Overall, siRNA-mediated downregulation of Id1 in MCF-7 cells did not result in a significant decrease in c-Myc levels, but the B50% decrease in c-Myc expression 48 h after siRNA treatment was accompanied by a similar decrease in Id1 expression (Figures 4a and 6a ). This result was confirmed using c-Myc antisense oligonucleotides that we had previously demonstrated led to rapid, specific decreases of c-Myc expression in MCF-7 cells (Carroll et al., 2002) . Consistent with our previous data (Carroll et al., 2002) , c-Myc expression was substantially reduced within 6 h of antisense oligonucleotide treatment and BrdU incorporation was reduced to B30% of control at 18 h ( Figure 6b and data not shown). Importantly, expression of Id1 was reduced within 6 h (Figure 6b ), suggesting that the decrease in Id1 expression is not simply a consequence of arrested proliferation following decreased c-Myc expression. In a complementary approach, T-47D human breast cancer cells were infected with a retrovirus encoding Max-rep, a dominant repressor of c-Myc function (Schreiber-Agus et al., 1995) and the surface marker CD8. Cells expressing Max-rep were separated on the basis of CD8 positivity, using flow cytometry. They expressed significantly reduced levels of Id1 compared with vectorinfected, sorted control cells or CD8-negative cells from the same culture (Figure 6c ). They also had reduced clonogenic potential and S phase fraction, consistent with inhibition of c-Myc function (data not shown). These data indicate that the dependence of Id1 expression on c-Myc is not confined to MCF-7 cells.
To examine whether induction of c-Myc was accompanied by induction of Id1, we used MCF-7 cells engineered to inducibly express c-Myc under the control of the metallothionein promoter (MCF-7-DMT-Myc) . Addition of ZnSO 4 to these cells elevated c-Myc mRNA within 2 h (Figure 7a ; Prall et al., 1998 ) and this was closely followed by increased (Figure 7b ). The level of Id1 protein also increased within 7 h of c-Myc induction (2.7-fold in the experiment shown in Figure 7c ). Id1 expression was not significantly altered by zinc treatment of empty vector control cultures (Figure 7b and c) . We confirmed that increased c-Myc levels were associated with increases in Id1 expression using T-47D cells constitutively expressing c-Myc (Figure 7d ). Together, these data suggest that alterations in c-Myc levels lead to rapid changes in Id1 levels in breast epithelial cells.
Discussion
The discovery that Id2 binds and inactivates Rb has dominated recent thinking about regulation of proliferation by ID family members. However, Id1 cannot bind Rb, raising the question of how it interfaces with the cell cycle. We show here that downregulation of Id1 leads to downregulation of cyclin D1 and cyclin E, implicating regulation of cyclin expression in Id1 effects on proliferation in breast epithelial cells. Although in some model systems p16
INK4A and p21 WAF1/Cip1 are Id1 targets (Peverali et al., 1994; Prabhu et al., 1997; Alani et al., 2001; Ohtani et al., 2001) , regulation of these CDK inhibitors does not appear to account for Id1 regulation of proliferation in breast epithelial cells. The INK4A gene encoding p16
INK4A is deleted in MCF-7 cells (Musgrove et al., 1995) but they respond to alterations in Id1 expression, indicating that p16 INK4A regulation is not required for Id1 to regulate proliferation in this context. Similarly, p21 WAF1/Cip1 and p27 Kip1 are unlikely to mediate decreased proliferation following decreased Id1 expression in mammary epithelial cells since the expression of these CDK inhibitors was not increased.
Decreases in Id1 expression led to downregulation of cyclin D1, cyclin E and their associated kinase activities, and inhibition of proliferation. The correspondence between the magnitude of the decrease in expression of these cyclins and the decreased activity of their associated CDKs suggests regulation of cyclin expression as a likely mechanism for the decrease in CDK activity. In addition, although decreased cyclin D1 levels in breast cancer cells can lead to redistribution of CDK inhibitors and consequent decreased cyclin E-Cdk2 activity (Carroll et al., 2000; Swarbrick et al., 2000) , cyclin E immunoprecipitates did not contain increased levels of either p21 WAF1/Cip1 or p27 Kip1 when Id1 expression was decreased, further supporting the conclusion that the decreased cyclin E-Cdk2 activity here results largely from decreased cyclin E expression. The effects of decreased Id1 expression on cyclin D1 expression and pRb-Ser780 phosphorylation were more profound than those on cyclin E expression and cyclin E-Cdk2 expression. In addition, decreased cyclin D1 expression was apparent after 6 h treatment with Id1 antisense oligonucleotides, a timepoint when no decrease in cyclin E expression was detected. Cyclin D1 is essential for cell cycle progression in breast cancer cells (Baldin et al., 1993) and we have previously shown that a specific reduction in cyclin D1 expression of as little as 50% is sufficient to inhibit proliferation in MCF-7 cells (Carroll et al., 2000) . Thus, decreased cyclin D1 expression is an early response to decreased Id1 expression and a likely Id1 effects on breast epithelial cell proliferation A Swarbrick et al mechanism for inhibition of proliferation. The later onset of the decrease in cyclin E expression when Id1 expression is reduced suggests that decreased cyclin E expression is possibly a consequence of the inhibition of proliferation. However, since cyclin E is essential for cell cycle progression (Ohtsubo et al., 1995) , the longer-term decrease in cyclin E expression may contribute to growth inhibition after treatment with Id1 siRNA. Id2 is essential for normal mammary development and differentiation (Mori et al., 2000; Miyoshi et al., 2002) . In murine mammary glands, Id1 expression is high in early pregnancy, and low in mid-late pregnancy, when Id2 expression is high (Mori et al., 2000; Parrinello et al., 2001) , suggesting complementary roles for Id1 and Id2 in mammary gland proliferation and differentiation, and challenging the view of Id proteins as functioning redundantly to inhibit differentiation. The observation that overexpression of Id2 in HC-11 cells did not affect the response to serum deprivation whereas Id1 overexpression allowed continued proliferation adds further weight to this conclusion.
Our studies of the effects of decreased Id1 expression identified close similarities between the effects of decreased c-Myc expression and decreased Id1 expression, that is, decreases in cyclin D1, cyclin E and their associated kinase activities but no increase in the expression of either p21 WAF1/Cip1 or p27
Kip1
. Treatment with c-Myc antisense oligonucleotides for 6 h downregulated cyclin D1 expression in breast cancer cells with little effect on cyclin E expression (Carroll et al., 2002) , similar to the effects of Id1 antisense oligonucleotides and suggesting that the decreased cyclin E expression following c-Myc siRNA treatment may require sustained downregulation of c-Myc. Together these data indicate that c-Myc and Id1 regulate proliferation in breast epithelial cells by similar pathways. Consistent with this idea, both c-Myc and Id1 are necessary and sufficient for G 1 -S progression (Amati et al., 1998; Norton, 2000) and induce apoptosis under certain conditions (Norton, 2000; Oster et al., 2002) . They also regulate common targets including h-TERT (Wang et al., 1998; Alani et al., 1999) and thrombospondin-1 (Tikhonenko et al., 1996; Volpert et al., 2002) . Several lines of evidence suggest that Id1 may not simply target similar mechanisms of cell cycle control, but may also be downstream of c-Myc in breast epithelial cells. Overexpression of c-Myc resulted in increased expression of Id1 mRNA within 2 h and, conversely, downregulation of c-Myc resulted in decreased Id1 expression within 6 h. The observation that overexpression of the Max-rep dominant negative, which blocks c-Myc binding to Max and hence prevents c-Myc association with DNA, was able to downregulate Id1 expression suggests that c-Myc transactivation is required for expression of Id1. Whether this might be a direct action of c-Myc at the Id1 promoter is not known. The Id1 promoter does not contain canonical E-boxes, but a number of noncanonical E-boxes of the sequence CA(C/T)G(T/G)G that may bind Myc-Max complexes (Blackwell et al., 1990; Grandori et al., 1996) are present within 3000 bp upstream of the transcription start site.
Since decreased c-Myc expression led to reduced Id1 expression, and mimicking the decrease in Id1 expression was sufficient to decrease cyclin D1 expression to a similar degree, Id1 may be involved in the dependence of cyclin D1 on c-Myc expression in breast cancer cells. The mechanism underlying the dependency of cyclin D1 on Id1 is unknown, although the promoter of the cyclin D1 gene contains consensus motifs for several transcription factors (Wingender et al., 2001) known to bind to or interact with ID proteins, including ETS and TCF family members (Yates et al., 1999; Parrinello et al., 2001; Kolligs et al., 2002) . An important goal of future experiments will be to delineate the relationship between c-Myc, Id1 and cyclin D1 in breast cancer cells.
Materials and methods
Cell culture and retroviral infection
T-47D and MCF-7 human breast cancer cells were cultured as described previously (Carroll et al., 2000; Swarbrick et al., 2000) . HC-11 murine mammary epithelial cells were cultured in RPMI 1640 supplemented with 10% heat-inactivated fetal calf serum and insulin (10 mg/ml).
T-47D cells expressing the murine ecotropic receptor were infected with ecotropic retroviruses packaged as described previously (Musgrove et al., 2001) . HC-11-Id1 and HC-11-LXSN cell lines were generated by retroviral infection, using vectors kindly provided by Dr P-Y Desprez, followed by selection in 0.5 mg/ml G418 (Gibco, Melbourne, Vic., Australia) for 7 days. HC-11 cells were infected with MSCV-Id2-IRES-GFP (a gift of Dr Stephen Jane) followed by sterile flow cytometric sorting into GFP-positive and -negative cells (i.e. Id2-positive and -negative cells) as described (Holmes et al., 1999) . MCF-7-Id1, MCF-7-Babe, T-47D-Myc and T-47D-Babe cells were selected using 0.66 mg/ml puromycin (Gibco) after infection with pBabe-Id1 (kindly provided by Dr P-Y Desprez; Lin et al., 2000) , pBabe-Myc (constructed by cloning the c-myc cDNA into pBabe) or pBabe. MCF-7-DMT-Myc is a clonal cell line containing c-Myc under the control of the metallothionein promoter . MCF-7-DMT is the corresponding vector-transfected control clonal cell line.
The max-rep cDNA (from Drs N Schreiber-Agus and RA DePinho; Schreiber-Agus et al., 1995) was cloned into pLibCD8. This vector is based on pLib (BD Biosciences Clontech, North Ryde, NSW, Australia), and expresses the murine CD8a extracellular domain under the control of the thymidine kinase promoter (excised from pSRMSVtk, from Dr CJ Sherr) and the cDNA of interest under the control of the pLib 5 0 LTR. Cells infected with pLib-CD8-based viruses were stained with phycoerythrin-labelled anti-CD8a (CMC023, Cell Marque, Hot Springs, AK, USA) 72 h after infection.
Small interfering RNAs and antisense oligonucleotides
Several sequences within the Id1 mRNA with low identity to other ID family members were identified using the 'Silencer' web-based design tool (http://www.ambion.com) and examined as potential siRNA targets. Blast analysis of GenBank was used to eliminate any targets with >17 nucleotide identity to other genes. Using MCF-7 cells, five siRNAs were tested for Id1 knockdown, and two were selected for further analysis: Id1-12, directed toward a segment of the Id1 open reading frame (target sequence: AACTCGGAATCCGAAGTTGGG); and Id1-17, directed toward a portion of the 3 0 UTR (target Lehr et al., 2003) , referred to here as 'Myc940', were also used. siRNAs were prepared by in vitro transcription (Silencer, Ambion) and transfected (Oligofectamine, Invitrogen, Mt Waverley, Vic., Australia) at 2 nM final concentration. Transfection with fluorescinated siRNAs showed that >90% of target cells were transfected using this protocol.
Antisense and control oligonucleotides were manufactured (Geneworks Australia, Adelaide, SA, Australia) with phosphorothioate residues at the 3 0 and 5 0 nucleotides to minimize exonuclease cleavage. Id1 antisense and scrambled control oligonucleotides (Hara et al., 1994) were transfected (Cellfectin, Invitrogen) at a final concentration of 1.0-1.5 mM. c-Myc sense and antisense oligonucleotides were transfected at a final concentration of 1.2 mM (Carroll et al., 2002) . Again, using this protocol, >90% of target cells were transfected, as demonstrated using fluorescinated oligonucleotides.
Western blot analysis
Cells were lysed for preparation of whole-cell protein extracts as previously described (Swarbrick et al., 2000) . Samples were separated using SDS-PAGE and transferred to PVDF membranes, which were incubated with the following primary antibodies: Id1 (sc-488), Id2 (sc-489), Max (C-124) and cyclin E (HE12) from Santa Cruz Biotechnology, Santa Cruz, CA, USA; cyclin D1 (DCS6, Novocastra, Newcastle upon Tyne, UK); p21 WAF1/Cip1 and p27 Kip1 (C24420 and K25020, respectively, BD Transduction Laboratories, Lexington, KY, USA); pRb-P-Ser780 (9307, Cell Signaling Technology, Beverly, MA, USA); b-actin (AC-15, Sigma, Castle Hill, NSW, Australia). The secondary antibodies were horseradish peroxidase-conjugated sheep anti-mouse or donkey anti-rabbit (Amersham, Castle Hill, NSW, Australia) and specific proteins were visualized by chemiluminescence (Perkin-Elmer, Melbourne, Vic., Australia).
Proliferation assays
Incorporation of BrdU was measured by flow cytometry after incubation with 10 mM BrdU (120 min) and staining with an FITC-anti-BrdU antibody (Chemicon, Boronia, Vic., Australia). In some experiments, incorporation of BrdU was determined using an ELISA-based colorimetric assay following the manufacturer's instructions (Cell proliferation ELISA, BrdU (colorimetric), Roche, Castle Hill, NSW, Australia).
An MTS-based colorimetric assay was used as instructed by the manufacturer (CellTitre 96 MTS assay; Promega, Annandale, NSW, Australia) to estimate relative cell number. Data are presented as average absorbance per sample corrected for background.
Cyclin E-Cdk2 assay
The activity of cyclin E immunoprecipitates (M-20 or C-19, Santa Cruz) from whole-cell extracts toward a histone H1 substrate was determined as previously described (Prall et al., 1997) .
Quantitative PCR
Total RNA was harvested using the RNEasy mini kit (Qiagen, Clifton Hill, Vic., Australia). RNA (1 mg) was reverse transcribed using AMV reverse transcriptase with Poly-A priming (Promega). Primers to human Id1 (Fwd: caaggtgagcaaggtggagattc; Rev: gcttcagcgacacaagatgcg) and human cMyc (Fwd: TTCTGTGGAAAAGAGGCAGGC; Rev TCACGCAGGGCAAAAAAGC) were designed using MacVector. The PCR reactions were performed in a LightCycler (Roche) using 0.5 ml of cDNA, 5 pmol of primers and the FastStart DNA master SYBR Green I enzyme mix (Roche) in a 10 ml reaction volume. Relative expression was calculated using Relquant software (Roche) using GAPDH (Fwd: GACATCAAGAAGGTGGTG; Rev: TGTCATACCAG-GAAATGA) primers to control for cDNA input.
Data analysis
Images captured by PhosphorImager (Molecular Dynamics 445SI) or digital scans of X-ray film were quantitated using IP LabGel H software (Signal Analytics, VA, USA). For siRNA experiments, data were normalized to the average of the two control siRNAs (GFP, GAPDH). Statistical analyses were performed using Microsoft Excel.
